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ARTICLE INFO ABSTRACT

Keywords: The Coronavirus disease (COVID-19) pandemic is disrupting our health environment. As expected, studies
COVID-19 highlighted the great susceptibility of cancer patients to COVID-19 and more severe complications, leading
Immune depression oncologists to deeply rethink patient cancer care.
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Herb-Drug interactions
Drug-related problems
Clinical trials

This review is dedicated to the optimization of care pathways and therapeutics in cancer patients during the
pandemic and aims to discuss successive issues.

First we focused on the international guidelines proposing adjustments and alternative options to cancer care
in order to limit hospital admission and cytopenic treatment in cancer patients, most of whom are im-
munocompromised.

In addition cancer patients are prone to polypharmacy, enhancing the risk of drug-related problems as ad-
verse events and drug-drug interactions. Due to increased risk in case of COVID-19, we reported a compre-
hensive review of all the drug-related problems between COVID-19 and antineoplastics.

Moreover, in the absence of approved drug against COVID-19, infected patients may be included in clinical
trials evaluating new drugs with a lack of knowledge, particularly in cancer patients. Focusing on the several
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experimental drugs currently being evaluated, we set up an original data board helping oncologists and phar-
macists to identify promptly drug-related problems between antineoplastics and experimental drugs.

Finally additional and concrete recommendations are provided, supporting oncologists and pharmacists in
their efforts to manage cancer patients and to optimize their treatments in this new era related to COVID-19.

Introduction

Severe Acute Respiratory Syndrom-CoronaVirus-2 (SARS-CoV-2)
has spread worldwide since late 2019, causing coronavirus disease 19
(COVID-19) in humans, involving severe acute respiratory syndrome
associated with a multi-symptom presentation. From Wuhan in the
Hubei province of China [1,2], the virus spread rapidly in all con-
tinents, leading the World Health Organization, on March 11, 2020, to
upgrade it as a pandemic [3]. There are currently so far nor approved
preventive neither curative treatments. The global situation is inducing
medical teams to conduct clinical trials to evaluate approved drugs for
other indications. A concept rapidly emerged of patients at risk of se-
verity. These include the particular population of cancer patients, in
whom the immunosuppression and infection risk inherent to disease
and treatment necessitates specific prevention and treatment measures.

The increased susceptibility of cancer patients to viral respiratory
infection is well known, implicating both disease and treatment [4,5].
Risk is higher in lymphopenia affecting cell immune function and an-
tibody-mediated immunity [6]. Impaired lymphocyte function [7] and
neutropenia [5] are further risk factors, as are monoclonal antibody
treatment against lymphocyte antigens and above all hematopoietic
stem-cell (HSC) allograft [7]. Cancer patients, especially lung cancer
patients with associated respiratory disorder or ischemic cardiopathy,
are also at high risk of severe infection [8]. For influenza, rates of
hospital admission and mortality are respectively 4- and 10-fold higher
in cancer patients than in the general population [9]. Coronavirus pa-
tients (excluding SARS-CoV-2) show significantly greater 30-day mor-
tality in case of cancer (24.4% vs 3.0%, p < 0.001) [10]. Cancer was
shown to be the main factor in 30-day mortality on multivariate ana-
lysis (p < 0.001), ahead of age > 65 years (p = 0.026), bacterial
superinfection (p = 0.031), and initial state of shock (p = 0.042) [10].

The first data from a multicenter Chinese cohort of 1590 COVID-19
positive (COVID-19 +) patients showed comorbidities to be a risk factor
for contamination, severe manifestations and early death [11]. Patients
with history of or active cancer showed higher risk of infection (1.13%
versus 0.29% in the general population). Most of all, cancer patients
(n = 18) deteriorated more rapidly (hazard ratio (HR) = 3.56 (95%CI,
1.65-7.69)) [8]. Allowing for the limitations of the study and notably
the small sample, the authors considered cancer patients’ immune de-
pression to be the prime cause of poor prognosis. A second Chinese
series of 1276 patients in the Wuhan region found 2.2% prevalence of
SARS-CoV-2 in cancer patients (28 infected), and 28.6% mortality: ie.,
1.7-fold greater prevalence (95%CI, 1.2-2.4) and 10-fold greater mor-
tality than in the general population. Patients with anticancer treatment
during the previous 14 days showed greater risk of mortality
(HR = 4.08, 95%CI, 11-15.3, p = 0.037) [12]. Among 1524 patients
followed for cancer in a Wuhan hospital, there was SARS-CoV-2 con-
tamination in 12 cases (0.79%; 95%CI, 0.3-1.2%), higher than Wuhan
population (0.37%). More than half the COVID-19+ patients (58.3%)
had lung cancer and age > 60 years was a factor for extra risk (4.3%
versus 1.8%) [13]. Other factors reported to aggravate COVID-19 in-
fection in cancer patients include comorbidity such as type-2 diabetes,
chronic kidney failure [14] or cardiovascular disease [15]. Most of the
epidemiological studies are based on Chinese cohorts and caution is
needed for the extrapolation to other countries with different co-
morbidity prevalence. An Italian study reports a prevalence of 20.3%
(n = 72) patients with active cancer among 355 patients who died from
COVID-19 [16]. Moreover, such patients are often polymedicated
[17,18], receiving drugs with narrow therapeutic index

(antineoplastics, immunosuppressants) exposing COVID-19+ patients
with symptoms to increased risk of drug interactions and potentializa-
tion of adverse effects.

Moreover, other risks, related to quarantine, need to be taken into
account in managing cancer and its complications: Wang et al. notably
report problems of access to health-care, drug shortages and delay in
diagnosis of treatment toxicity [19]. The poor prognosis of cancer pa-
tients admitted with COVID-19 infection was also due to the decision
not to admit certain (metastatic) patients to intensive care.

On the basis of these preliminary data, at least 3 consequences of the
pandemic for the management of cancer patients can be raised:

— Cancer patients seem more susceptible to SARS-CoV-2 infection, and
complications (hospital admission, intensive care, death) are prob-
ably more frequent than in the general population [8,12].

— COVID-19+ cancer patients show greater risk of iatrogenic drug-
related problems, due to polymedication [20].

— The pandemic is tying up considerable human and economic re-
sources and care activity is frequently rescheduled or cancelled,
temporarily modifying cancer patient management. The lack of
large clinical studies in cancer patients facing COVID-19 lead sci-
entific societies and expert groups guidelines to advocate post-
poning surgery and drug treatment in some cases. The delay of
cancer diagnoses has to be assessed in the months to come [21].

The aim of the present guidelines is to review and report a summary
of the various recommendations/expert consensus published by scien-
tific societies or oncology groups for the management of cancer patients
in the context of the COVID-19 pandemic. We will focus on drug-related
problems facing a polymedicated and fragile population (drug inter-
actions, potentialization of symptoms and adverse effects), including
molecules undergoing clinical trials. Finally, the ability of clinical on-
cology pharmacy to limit the risk of contamination and to manage drug-
related problems in cancer patients will be assessed.

Cancer patient management in the context of the COVID-19
pandemic

There are two emerging risks for cancer patients: a 3-fold greater
infection risk than in the general population (associated with poor
prognosis and greater mortality) and the risk of delayed access to di-
agnosis, current care and therapeutic innovations. The challenge is thus
to assess, on a case-by-case basis, the trade-off between delayed diag-
nosis and treatment of cancer and exposure to SARS-CoV-2.

Limiting the risk of COVID-19 infection in cancer patients

To limit the risk of SARS-CoV-2 contamination and the risks asso-
ciated with cancer treatments, there have been several reports of ex-
perience and recommendations according to tumor location by expert
groups and scientific societies [22-24] and summary are now available
[25]. Cancer patients are more liable to get infected by SARS-CoV-2 due
to immune depression induced by the cancer and treatments such as
chemotherapy and surgery [26,27]. Organizational measures and
treatment adaptations can be proposed to reduce such risks.

Organizational measures

For cancer patients, the difficulty of social distancing is aggravated
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by limited contact with health-care centers. Any organizational mea-
sure reducing the number and duration of consultations, chemotherapy
sessions and admissions are welcome. Vigilance is to be increased re-
garding risk factors: lymphopenia, neutropenia, age > 65 years, and
comorbidities [28]. The overall strategy to avoid contact between
cancer patients and COVID-19+ patients involves separating COVID-
19+ and COVID-19-free pathways in care centers or organizing care in
a separate structure. For outpatients receiving oral antineoplastics, in-
hospital follow-up (medical consultations, pharmaceutic interviews,
therapeutic drug monitoring) are to be suspended whenever possible in
favor of telemedicine [24]. In-hospital drug delivery (im-
munomodulators (IMiD), recent tyrosine kinase inhibitors (TKI), drugs
under temporary use authorization) can be sent to a corresponding
community pharmacy near to the patient’s home.

Adapting anticancer treatment strategy

The management of cancer patient’s treatment continues to be
discussed case by case into the management case conferences and
clinicians are required to take decisions for protecting patients re-
garding the emerging risk. The lack of published data or conducted
clinical studies makes it difficult to take the right therapeutic decision.
Because of the emergency situation, the summary of recommendations
cannot be based solely on the highest evidence, clinical trials and meta-
analyses. Adaptations as modified, delayed or discontinued anticancer
treatments were suggested mainly based on expert consensus. In addi-
tion the first Chinese series are lacking of consistency for demonstrating
the significant risk in cancer patients [29]. Regarding the association
with severity of COVID-19, however, a recent analysis from the Mon-
tefiore Medical Center in New York among 218 cancer patients sug-
gested an association between cancer patients and COVID-19 related
fatality in particular for hematologic malignancies (case fatality rate of
37% versus 25% for solid malignancies) [30]. The authors conclude
that there is a need for proactive strategies to reduce likelihood of in-
fection and improve early identification in this vulnerable patient po-
pulation.

It appears reasonable to limit hospital visit for cancer patients in-
cluding for receiving anticancer treatment but, in the other hand, it
seems challenging to suggest discontinuing an active anticancer treat-
ment after several months of treatment. Hanna et al. have provided an
outstanding commentary regarding the precautionary principle in the
context of COVID-19 [31]. Because countries and hospitals are under-
going the pandemic curve at different time and intensity, they define
three scenarios: the case when health systems are (1) preparedness
(with no confirmed cases); (2) moderate health-care resource limita-
tion; (3) severe health-care resource limitation. Based on a conceptual
framework for prioritizing the use of radiotherapy and systemic treat-
ments during the COVID-19 pandemic, they define nine categories
classified from low (Alternative treatments exist or delay does not affect
outcomes) to high risk (Imminent risk of early mortality). Although the
authors emphasize the need to prioritize cancer treatment, they re-
commend to take into account one of each scenario and to use the
different prioritizations above in accordance. The absence of evidence
avoids adaptations of therapies in a global approach. The place for
multidisciplinary case conferences has also to be highlighted. Hanna
et al. took the examples of decreased survival for patients receiving
adjuvant chemotherapy for colorectal cancer and breast cancer [32,33].
On the other hand, the replacement of fluorouracil by capecitabin for
adjuvant colorectal cancer patients is based on evidence [34].

The following factors need to be taken into account: curative or
palliative objective; patient age (with increased risk from 60 or and
70 years, depending on the report, in lung [13] or digestive/colorectal
cancer [35] and others [36]); life-expectancy; and number of treatment
lines [22,31]. For comparable efficacy, oral antineoplastics compatible
with home therapy are preferable to parenteral (i.e. capecitabine in-
stead of 5-fluorouracile). A pause in treatment can be considered in
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slow-progression cancer under control for several months. According to
the expert opinion of the European Society for Blood and Marrow
Transplantation [37], patients scheduled for HSC transplantation or
chimeric antigen receptor T-cell (CAR-T) therapy must be screened for
SARS-CoV-2 before conditioning therapy; if positive, treatment should
be postponed for at least 3 months according to the guidelines of the
European Centre for Disease Prevention and Control [38]. In such
clinical emergencies without alternative treatment, the risk/benefit
ratio may indicate continuation of treatment, in which case it is pri-
mordial to check COVID-19 status ahead of immunosuppressive con-
ditioning or lymphodepleting treatment [37].

Depending on tumor location, the scientific societies and expert
groups advise dose adaptation or replacement of certain anticancer
treatments. Risk is considered low for radiation therapy, moderate for
single-agent treatment and oncologic surgery. Lymphopenia is likely to
be associated with more severe COVID-19 outcomes. Risk seems very
high in case of polychemotherapy, especially in case of < 600/mm?>
lymphopenia and more especially if this is persistent with associated
long-course corticosteroids. A recent systematic review focusing on risk
factors associated to mortality in patients with COVID-19, showed that
patients in the non-survival group were more likely to have a lower
lymphocyte count (p < 0.00001) [39]. However the significance of
neutropenia is less clear and the question of risks arises with cytopenic
TKIs (dasatinib, imatinib, palbociclib, abemaciclib, olaparib and others
[40]). Awaiting further studies, clinicians should also consider cyto-
penic TKIs as a potential risk factor of severe COVID infection.

Immune checkpoint inhibitors (anti-PD-1 and anti-PD-L1 mono-
therapy) do not induce immunosuppression and preliminary available
analyses did not shown detrimental effect of immunotherapy compared
to other anticancer treatment in the Thoracic cancERs international
coVid 19 cOLlaboraTion (TERAVOLT cohort) [41] and depending of the
temporal relationship between treatment exposure and diagnosis of
COVID-19 [42]. Caution is nevertheless required due to possible cu-
mulative risk with COVID-19 symptoms, with rare but severe interstitial
pneumopathy aggravating the pulmonary damage [43]. Such cumula-
tive risk may also occur with certain oral antineoplastics such as
everolimus, crizotinib, and trametinib [44]. Some authors also sug-
gested cumulative risk of cytokine release syndrome between immune
checkpoint inhibitors or CAR-T cells and cytokine storm in severe
COVID-19 infection [43]. Expert opinion favors postponing im-
munotherapy if possible, especially in case of associations such as ni-
volumab-ipilimumab and in stable diseases [35,45]. In the case where
immune checkpoint inhibitors have to be initiated or continued, half-
reduced frequency administration has to be considered for nivolumab
and pembrolizumab by double the dose [47.48]. Because of an elim-
ination half-life of 27 days, a reduced frequency from Q3W to Q4W
should also be considered for atezolizumab (anti-PD-L1) by increasing
the dose from 1200 mg to 1680 mg [41]. Despite elimination half-life of
12 days for durvalumab (anti-PD-L1) the same reduced frequency
schedule from Q3W to Q4W should be considered by increasing the
dose from 1200 mg to 1500 mg [41].

A summary of expert guidelines regarding this issue are shown in
Table 1 [35,45-75]. For example, carboplatin should replace cisplatin,
being quick to administer and less toxic without compromise on effi-
cacy; treatments with risk of pulmonary toxicity, such as bleomycin,
can be changed. G-CSF (granulocyte-colony stimulating factor) use
should be encouraged in case of risk of neutropenia. Although scientific
societies have not declared a consensus, the prevalence of cardiac in-
volvement with COVID-19 [76] casts doubt on the use of cardiotoxic
anticancer drugs such as anthracyclines or trastuzumab if there are
alternatives available. And, overall, delays in implementing surgery,
radiation therapy or grafting (notably for allografts) may require stop-
gap antineoplastics in order to control tumor progression. Finally we
report in the Table 1 the expert consensus proposals regarding immune
checkpoint inhibitors use in advanced lung cancer patients. Beyond the
need to reduced administration frequency in order to limits, several
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expert groups suggest treatment discontinuation in responders but the
treatment duration varies from 1 [41,45] to 2 years [48,51]. In the
study by Santini et al. among 482 advanced NSCLC patients, n = 68 of
them stopped ICI due to irAE (median time of the first irAE was
69-73 days). For n = 38 patients with rechallenge, the median time
from detection of the initial irAE to retreatment was 32 days (range
7-177) and the median duration of ICI from the start of retreatment was
9.2 months (range 23 days—34 months). The estimated 2-year survival
from diagnosis was 64% [77]. The one prospective trial which focused
on this point was the CheckMate-153 comparing the effect of nivo-
lumab discontinuation after 1 year (in case of partial response or stable
disease) versus continuous nivolumab in patients with advanced NSCLC
which shown a clear benefit to continuation strategy in term of pro-
gression-free survival (PFS) (not reach vs. 10.3 month, respectively,
hazard ratio = 0.42 [95% CI: 0.25-0.71]) but not in term of OS (not
reached vs. 23.2 months, respectively, HR 0.63 [95% CI: 0.33-1.20])
[78]. Based on this result and out of the COVID-19 context, the recent
commentary by Metro & Signorelli reminds us that treatment duration
in patients who are benefiting from an ICI should be certainly > 1 year
[79]. The Table 1 reports this suggestion of at least 2 years of treatment
to consider discontinuation.

The fact that COVID-19 emerged so recently means that data are
controversial. It has been suggested that non-steroidal anti-in-
flammatory drugs (NSAIDs) may exacerbate the risk of respiratory and
cardiac complications in various situations of infection, and thus likely
in severe forms of COVID-19 [80]. Regarding corticosteroids, a meta-
analysis performed by the WHO following the SARS-CoV epidemic
found no harmful effects [81]; in COVID-19, clinical trials using corti-
costeroids are ongoing especially in the early stage of respiratory dis-
tress syndrome. In the absence of firm evidence, corticotherapy should
be avoided whenever possible, and any prescription of high-dose cor-
ticosteroids, including for anticancer purposes, needs to be assessed on
a case-by-case basis as seen in Table 1 for dexamethasone in multiple
myeloma patients [72]. The use of corticosteroid as antiemetic does not
reach a consensus [35,82].

Treatment of COVID-19+ cancer patients: Anticancer treatment
and risks incurred by anti-COVID-19 treatment (excluding
intensive care condition)

In cancer patients, diagnosis of COVID-19 + indicates admission to a
specialized COVID-19 unit, or transfer for oncology inpatients. In on-
cology centers, dedicated COVID-19 units, including palliative care
units, are planned, depending on the number of such patients in the
catchment. Management is complex, taking into account of the poten-
tially life-threatening prognosis in COVID-19, loss of chance due to
cancer treatment discontinuation in progressive cancer, and the im-
munosuppression risk incurred by both diseases and possibly by the
required drugs. The risk of developing severe forms of COVID-19 in-
fection argues for interrupting, in most cases, the anticancer treatment
while the COVID-19 infection is being treated. Nevertheless, cancer
patients will have likely received drug treatment in the days preceding
COVID-19 diagnosis and require supplementary protection against the
anti-COVID-19 regimen. The iatrogenic issue is double: anticipating the
immunosuppressive impact of certain anti-COVID-19 drugs with risk of
symptom aggravation; and managing drug interaction between anti-
COVID-19 drug and antineoplastic agents. This double risk has to be
taken into account in low-symptom COVID-19 infection concomitant to
progressive cancer, where the ongoing anticancer treatment may be
continued or else adapted.

In Europe, the antiviral anti-COVID-19 armamentarium mainly
comprises association lopinavir/ritonavir, hydroxychloroquine, re-
mdesivir and azithromycin. These drugs are use off-label with a facil-
itating regulatory framework. In the DisCoVeRy clinical trial
(NCT04315948), interferon beta-la is also used. When anticancer
treatment is continued in a COVID-19+ patient, or for the case of
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antineoplastics with long elimination half-life, the infection treatment
may give rise to drug interactions or potentialize adverse effects.
Expected interactions between COVID-19 treatments, cancer treatments
and the support treatments frequently used for cancer patients have
therefore been reviewed (Tables 2A-2C and Table 3), based on the
summaries of product characteristics (SPC) of each and several spe-
cialized drugs-interactions screening database: Theriaque® (Centre
National Hospitalier d’Information sur le Médicament, https://www.
theriaque.org/), Drugs.com (Food and Drug Administration https://
www.drugs.com/), HIV Drug Interactions (University of Liverpool,
https://www.hiv-druginteractions.org/), QT Drugs List (Arizona Center
for Education and Research on Therapeutics, https://www.
crediblemeds.org/), DDI-Predictor (Claude Bernard University, Lyon
1, https://www.ddi-predictor.org/), GPR-ICAR Department (Paris
Hospitals Board (AP-HP), http://sitegpr.com/fr/), and the Oncolien®
data-base (SFPO, https://oncolien.sfpo.com/).

Association lopinavir/ritonavir

The protease inhibitor association lopinavir and ritonavir is com-
monly used to treat HIV-1 infection. Some in-vitro and clinical data
demonstrated its activity on SARS-CoV-2 virus. The dosage used for
COVID-19 is the same as HIV-1 treatment: 400/100 mg, twice daily for
7-14 days.

Pharmacokinetic interactions

Lopinavir and ritonavir are strong inhibitors of cytochrome P450
isoform CYP3A, thus increasing the concentration of numerous CYP-
substrate drugs. They are also efflux protein P-gp inhibitors leading to
increased concentration of P-gp substrates. Interactions are numerous,
notably with narrow-window treatments. Among oral antineoplastics,
Liver cytochrome metabolized Kinase Inhibitors (including TKIs and
others) should be avoided in association to lopinavir/ritonavir. If TKIs
continuation is needed, dose reduction and monitoring of TKI-related
adverse events are advised (Table 2A). It is important to note that drug-
interaction impact may be different according to the database. Some
support treatments such as hydroxyzine, oxycodone and zopiclone,
often prescribed for cancer patients should be avoided or at least closely
monitored when associated to 3A4 inhibitor or antiretroviral drugs with
cardiac toxicity. In hematologic cancer patients with HSC graft, the
benefit of lopinavir and ritonavir needs weighing against the increased
risk of post-graft immunosuppressive treatment imbalance and re-
sultant complications such as graft-versus-host disease (GVHD). Lopi-
navir and ritonavir are also CYP3A4 substrates, and concomitant
moderate or powerful inducers require special vigilance. Dabrafenib
and enzalutamide can continue to impair the efficacy of antiretrovirals
for several days after discontinuation, with risk of failure of COVID-19
treatment.

Pharmacodynamic interactions, additive adverse effects

Cardiotoxicity by QT prolongation is frequent with lopinavir and
ritonavir (Table 3). Many TKIs, doxorubicin and ondansetron seriously
increase QT interval and should not be associated to lopinavir or rito-
navir (Table 3). The same is true for serotonin reuptake inhibitors,
frequently prescribed for depression in cancer patients [83]. Auto-
immune diseases, and notably hepatitis and pancreatitis, have been
reported with lopinavir and ritonavir, which should not be used if
immune checkpoint inhibitors are continued.

Hydroxychloroquine

Hydroxychloroquine is used to prevent systemic lupus episodes and
other autoimmune and inflammatory diseases. Its activity involves viral
infection inhibition (experimental) and immunomodulation con-
tributing to control of the cytokine storm that occurs in the late stage of
COVID-19 infection. A loading dose at Day 1 followed up by 400 mg
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https://www.ddi-predictor.org/
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Table 2A
Pharmacokinetic interactions related to lopinavir/ritonavir and oral antineoplastics (variation in plasma concentration and exposure of
antineoplastic — cytochromes and transporters involved).

Lopinavir/ritonavir

DDI

predictor Theriaque® (SPC) Drugsﬁ Information Database HIV Drug Interaction® | Oncolien SFPO°

ORAL ANTINEOPLASTICS

Abemaciclib 1.55 7374
Abiraterone 71 3A4

Afatinib i Allow intervals of 6 hours i

Alectinib 713”4
Anagrelide

Axitinib

A 3A4

Binimetinib

71 3A4

Bosutinib Dosage adjustment

Brigatinib 73A4

Busulfan
Cabozantinib 1.53 234

Capecitabine

Ceritinib

Cobimetinib
Crizotinib 71 3A4
Cycloph i 2 3p4

Cyproterone acetate i 2 3A4 . FEY
Dabrafenib 1.58 i 7 V3A4

Dasatinib

Encorafenib

Enzalutamide
Erlotinib 71 3A4 7 3A4
Etoposide

Everolimus

Fludarabine
Gefitinib 71 3A4

Ibrutinib

Idelalisib 1.80 71 3A4 | 7 3M4
Imatinib 153 7 3A4

Ivosidenib |

Lapatinib A 3A4

Lenalidomide
Lenvatinib i 2 3A4
Letrozole

Lorlatinib i 713A4 |

Mercaptopurine
Methotrexate NA
Midostaurin

| ELY

Nilotinib

Niraparib

Olaparib

Osimertinib

Palbociclib 194 71 3A4

Pazopanib 168 2384 ETY)

Ponatinib 146 A3ne | 71 3A4

30mg daily

Pomalidomide 713A4

Regorafenib

Ribociclib

Ruxolitinib fios 71 3A4

Sorafenib i 234

Sunitinib 171

Tamoxifen 1.95

temozolomide
Thalidomide

Trametinib

Trifluridine/tipiracil
Vandetanib
Vemurafenib | 2V 3A4

Venetoclax

Vinorelbine
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: No data available or degree of interaction not measurable.
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:1 < AUCratio < 1.4 (DDI Predictor), No interaction expected (Drugs Information Database, HIV Drugs Interaction, Theriaque).

: Potential Weak Interaction (HIV Drug Interaction), Minor Interaction (Drugs Information Database), To be taken into account or
precaution for use (Theriaque), 1.5 < AUC ratio < 1.9 (DDI Predictor).

: Potential Interaction (HIV Drug Interaction), Moderate Interaction (Drugs Information Database), Avoid association (Theriaque),
2 < AUC Ratio < 9.9 (DDI) or 0.4 < AUC Ratio AUC < 0.6 (DDI Predictor).
I: Contra-indicated (Theriaque), Major Interaction (Drugs Information Database), Do Not Coadminister (HIV Drug Interaction),

AUC Ratio = 10 (DDI Predictor).

/ Increase of chemotherapy/immunosuppressive/support treatment concentration.
N\ Decrease of chemotherapy/immunosuppressive/support treatment concentration.

A Increase of lopinavir/ritonavir concentration.
v Decrease of lopinavir/ritonavir concentration.

AUC Ratio = area under the substrate concentration in blood or plasma over the dosing interval at a steady-state/AUC of the substrate

given with an inhibitor an inducer.

NA: Not Applicable (cytochrome CYP is not a relevant pathway).

PNET: primitive Neuro Ectodermal Tumor.
GIST: Gastro Intestinal Stroma Tumor.

daily dose for 9 days is usually reported in studies. The loading dose is
within the maximal 600 mg/day specified in the market authorization
(400 mg twice daily only in clinical trials).

Pharmacokinetic interactions

Hydroxychloroquine is a weak inhibitor of CYP2D6 and of the P-gp
efflux protein, requiring intensified monitoring when used con-
comitantly with narrow-window drugs having this metabolic pathway:
gefitinib, tamoxifen (Table 2C). A few clinically relevant pharmacoki-
netic drug-interactions are reported with hydroxychloroquine.

Pharmacodynamic interactions, additive adverse effects

Hydroxychloroquine incurs a risk of QT prolongation and torsade de
pointe occurrence when associated to other drugs with the same toxi-
city profile. ECG monitoring is widely established and has to be sys-
tematically done in case of certain antineoplastics (see Table 3) such as
cabozantinib, ceritinib, crizotinib, nilotinib, osimertinib, vandetanib,
vemurafenib, oxaliplatin and arsenic trioxide [84].

Attention should also be paid to support treatments. Risk of torsade
de pointe contraindicates association to ondansetron (> 8mg) or
domperidone (replace by metomimazine). Antidepressants such as (es)
citalopram widely prescribed for cancer patients are likewise contra-
indicated [85]. All torsade de pointe risks such as hypokalemia (with
corticosteroids, cisplatin or other drug when associated with digestive
disorders) and bradycardia (e.g., with thalidomide) should also be taken
into account.

Hydroxychloroquine also incurs a risk of peripheral neuropathy.
Vigilance is required for patients treated by platinum salts, anthracy-
clines, taxanes and immunomodulators, and even more in case of co-
morbidities such as diabetes mellitus or chronic alcohol abuse.
Regarding the ocular toxicity of hydroxychloroquine, attention should
also be required when associated with MEK inhibitors for example [86].

Remdesivir

Remdesivir is a nucleoside analog of adenine used against Ebola
with an orphan drug status approval in the United Stated but not in
Europe. It has undergone several clinical trials, in the light of in-vitro
efficacy against Coronaviruses (SARS-CoV, MERS-CoV). For COVID-19,
the most used dosage in clinical trials is 200 mg on day 1 then 100 mg
daily by parenteral route for 10 days.

Pharmacokinetic interactions

The interaction profile is favorable, with neither induction nor in-
hibition of cytochrome P450 and of the main transporters in preclinical
studies so no impact is expected in this way. As a CYP3A4 substrate, the
association to an inductor or inhibitor drug requires close monitoring
for adverse effects (Table 2C).

Pharmacodynamic interactions, additive adverse effects

The safety profile includes nephrotoxicity and hepatotoxicity re-
quiring dose adaptation when reduced glomerular filtration rate or
transaminase elevation, respectively. Association to nephrotoxic or
hepatotoxic drugs requires monitoring. Recent clinical trials reported
diarrhea and hypokalemia up to 9% and 12%, respectively [87,88].
Attention should be payed to serum potassium levels in patients taking
diarrhea and/or hypokalemia-induced medicines. As anemia and
thrombocytopenia can also be observed, association with antineoplastic
agents with significant hematologic toxicities should be used with
caution (Table 3).

Azithromycin

Azithromycin is a macrolide antibiotic used for COVID-19 to pre-
vent bacterial super-infection. Clinical practices report mainly sche-
dules based on 500 mg on day 1 followed by a daily dose of 250 mg the
next four days, associated, or not, to hydroxychloroquine.

Pharmacokinetic interactions

Azithromycin appears to inhibit efflux protein P-gp leading to in-
creased concentration of P-gp substrates. Caution should be taken
particularly with narrow therapeutic index drugs such as cyclosporine
in immunocompromised patients. Blood concentration of cyclosporine
should be closely monitored.

Pharmacodynamic interactions, additive adverse effects

The major risk concerns the cardiac sphere with QT prolongation
and risk of torsade de pointe. This effect is particularly feared con-
sidering the frequent association of azithromycin and hydroxy-
chloroquine. The use of this association must be avoided with some
TKIs, arsenic trioxide and antidepressant.

Interferon beta-1a

Interferon beta-1a is indicated in multiple sclerosis and is evaluated
in DisCoVeRy trial at 44 pg at days 1, 3 and 6. It shows a very favorable
interaction profile, with no cytochrome- or transporter-mediated ef-
fects. Some rare cases of autoimmune hepatitis or severe liver failure
were reported. Liver monitoring should be intensified in case of asso-
ciation to potentially hepatotoxic drugs such as crizotinib or lenalido-
mide (Table 3). In case of at-risk associations, the Drugs.com data-base
advises treatment adaptation if the alanine transaminase threshold
exceeds 5 times the normal value. There is also a risk of lowering the
epileptogenic threshold, as association to tramadol is strongly contra-
indicated, especially in at-risk patients (epilepsy, advanced age, brain
tumor).
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Table 2B
Pharmacokinetic interactions related to lopinavir/ritonavir and parenteral antineoplastics, immunosuppressive drugs and most used support
treatment.
Lopinavir/ritonavir
DDI . ] ) ] )
predictor Theriaque (SPC) 3 Drugs Information Database | HIV Drug Interaction
PARENTERAL ANTINEOPLASTICS
5-fluorouracile NA
Amsacrine

Arsenic trioxide
Asparaginase
Azacitidine
Bendamustine
Bevacizumab
Bleomycin

Bortezomib
Busulfan
Carboplatin
Cotuximab

Cisplatin
Cycloph
Cytarabine
Dacarbazine
Daratumumab
Daunorubicin

Docetaxel
Doxorubicin
Durvalumab
Epirubicin
Etoposide
Fludarabine
Gemcitabine
Idarubicin
Ifosfamide
Ipilimumab
Irinotecan
Melphalan
Methotrexate
Nivolumab
Obinutuzumab
Oxaliplatin
Paclitaxel

Rituximab
Topotecan
Tr k
Tr
Vinblastine
Vincristine
Vinorelbine

IMMUNOSUPPRESSIVE DRUGS

Azathioprine

Cyclosporine

Mycophenolate mofetil
Tacrolimus

SUPPORT TREATMENTS

Acetaminophen
Alprazolam
Amitryptiline
Aprepitant
Cimetidine
Citalopram

Dexamethasone

Domperidone
Escitalopram
Fentanyl
Gabapentin
Loperamide
Metoclopramide

Methylprednisolone
Midazolam (intravenous)
Morphine
Ondansetron
Oxycodone
Pregabalin
Pantoprazole /
Omeprazole
Prednisone /
prednisolone
Racecadotril
Ranitidine
Tramadol

Zopiclone

Zolpidem
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: No data available or degree of interaction not measurable.
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:1 < AUC ratio < 1.4 (DDI Predictor), No interaction expected (Drugs Information Database, HIV Drugs Interaction, Theriaque).
: Potential Weak Interaction (HIV Drug Interaction), Minor Interaction (Drugs Information Database), To be taken into account or pre-

caution for use (Theriaque), 1.5 < AUC ratio < 1.9 (DDI Predictor).

: Potential Interaction (HIV Drug Interaction), Moderate Interaction (Drugs Information Database), Avoid association (Theriaque),
2 < AUC Ratio < 9.9 (DDI) or 0.4 < AUC Ratio AUC < 0.6 (DDI Predictor).
I: Contra-indicated (Theriaque), Major Interaction (Drugs Information Database), Do Not Coadminister (HIV Drug Interaction), AUC

Ratio = 10 (DDI Predictor).

/ Increase of chemotherapy/immunosuppressive/support treatment concentration.
N\ Decrease of chemotherapy/immunosuppressive/support treatment concentration.

A Increase of lopinavir/ritonavir concentration.
v Decrease of lopinavir/ritonavir concentration.

AUC Ratio = area under the substrate concentration in blood or plasma over the dosing interval at a steady-state/AUC of the substrate given

with an inhibitor an inducer.

BCRP: Breast Cancer Resistance Protein.

MATE: Multidrug and Toxin Extrusion Protein.

OCT: Organic Cation Transporter.

UGT: Uridine Glucuronyl Transferase.

NA: Not Applicable (cytochrome CYP is not a relevant pathway).

Alternative and complementary medicine

Complementary and Alternative Medicines (CAM) are widespread
in cancer patients [89], and has to be taken into account in the present
crisis. Prevailing uncertainties concerning the prevention and treatment
of COVID-19 stimulate use to CAM [90,91]. The potential toxicity of
certain plants can cumulate with anti-COVID-19 drug toxicity and
pharmacokinetic ~drug-interactions can occur, and necessitates
screening. Notable risks include [92,93]:

- QT interval prolongation: Boldo, Fucus, Asian Ginseng, Seville or-
ange, Passion flower, Dandelion

- Increased immunosuppression: Olive tree, Curcuma, Licorice

- Immunity reinforcement: Echinacea, Ginseng

- Nephrotoxicity: Licorice, White willow

- Hepatotoxicity: Ruscus, Horsetail

- Laxative effect: Rhubarb, Senna, Ispaghul

- Strong CYP3A4 inhibition: Cranberry, Fenugreek, Ginger,
Grapefruit, Seville orange, Aloe Vera, Curcuma, Gingko biloba

- CYP3A4 induction: St John’s wort, Garlic, Hawthorn, Coneflower,
Kava Kava, Green mint, Sage

COVID-19 and clinical research: Taking account of the cancer
patient’s situation

Clinical research on COVID-19 treatment

In the context of the COVID-19 pandemic, clinical research is cru-
cial. The prime aim is to develop treatment drugs. The second is to
launch fast-track controlled trials [94], without methodological short-
cuts and able to assess relevant efficacy of potentially interesting drugs
from early stage of infection to advanced intensive care. A major point
is the implementation of adaptive trials able to provide rapid inter-
mediate results. In France, research is piloted by the INSERM’s RE-
ACting (RESearch and ACtion targeting emerging infectious diseases)
consortium. The Flash call for projects by the ANR national research
agency selected 86 projects with a €14.5 M funding budget. In Europe,
€48.5 m has been allocated to 18 projects by the European Commission
— Coronavirus Research and Innovation. A recent example of the on-
going dynamic is the phase III DisCoVeRy clinical trial comparing
several adjuncts (remdesivir, lopinavir/ritonavir, interferon beta-1A,
hydroxychloroquine) to standard care, beginning March 22. It should
finally include 3200 patients in Europe, including 800 in France. The
WHO'’s Solidarity trial, currently running in > 20 countries across four
continents (North and South America, Africa, Asia and Europe), is also
based on an adaptive methodology; comparing adding hydroxy-
chloroquine or remdesivir to standard care, the protocol will be

enriched by other treatment arms such as favipiravir [95].

The aim is a quick and easy inclusion of several thousands of pa-
tients worldwide so as to obtain emergency data on the pandemic. The
Table 4 reports the ten most frequent investigated medicines in clinical
trials currently underway and their potential risk for cancer patients
[96-101]. Many of these trials use closed approach in a competitive
strategy. They include several anticancer or associated drugs such as
bevacizumab, nivolumab, ruloxitinib, thalidomide, methylprednisolone
and tocilizumab. Tocilizumab is an anti-interleukin-6 (IL-6) monoclonal
antibody initially indicated for rheumatic disease and more recently
applied in severe cytokine release syndrome induced by CAR-T cell
administration [102] for malignant hematopathy; application to
COVID-19 is based on the same rationale, inhibit IL-6 pathway and
consequently a part of pro-inflammatory cytokines [103]. For other
drugs under assessment, a literature search was conducted (Table 3) to
identify points of vigilance for COVID-19 patients with cancer included
in the registered trials: drug interactions, cumulative risk of cytopenia,
contraindications in immune depression. An exhaustive review of the
investigational medicines product ongoing clinical trials is available in
Appendix.

Clinical research in oncology in the COVID-19 pandemic era

Clinical research in oncology is the keystone for management of
cancer patients and the prime topic in clinical research in France. The
French national drug safety agency, ANSM [104], and most oncology
groups have taken positions on the subject. On the European level, EMA
and several task forces work on the “Guidance on the management of
clinical trials during the COVID-19 pandemic”. A summary of different
national and international guidelines in this field has been recently
published [94]. New limitations and constraints have emerged with the
pandemic, including the need to limit hospital admission of clinical trial
participants. Four questions emerge: the appropriateness of initiating a
new clinical trial, patients eligible for inclusion, patients already in-
cluded, and included patients contracting COVID-19 infection.

Regarding new inclusions in the clinical trials currently ongoing, the
guidelines from expert consensus recommend suspension, to which
most scientific societies have agreed (except for clinical context without
conventional therapies and taking into account the benefit-risk re-
garding COVID-19). For patients already included in a trial, the issue is
to ensure safety. Clinical trials require frequent presence and supple-
mentary examinations on top of standard care, increasing the risk of
COVID-19 infection [105]. For the hospital pharmacist, this firstly im-
plies anticipating supply restrictions on experimental drugs. For trials
based on drugs already on the market (e.g., parenteral antineoplastics)
but not supplied by the sponsor, with its agreement it should be possible
to use the same drug. Follow-up needs to be continued, and drug
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Table 2C
Pharmacokinetic interactions related to hydroxychloroquine, azithromycin and remdesivir.

Cancer Treatment Reviews 88 (2020) 102063

Hydroxychloroquine Azithromycin

Remdesivir

Theriaque (SPC) ‘ DDI Predictor DDI Predictor ‘ Theriaque (SPC) Drug Information Database

Manufacturer data

HIV Drug Interaction

ORAL ANTINEOPLASTICS

Abemaciclib

Afatinib

Axitinib

bicalutamide

A 3A4

Bosutinib

Busulfan

Cabozantinib

Ceritinib

Cobimetinib

Crizotinib

Dabrafenib

Dasatinib

Enasidenib

Enzalutamide

Erlotinib

Everolimus

Gefitinib

Ibrutinib

Idelalisib

Imatinib

Ivosidenib

Lapatinib

A 3A4

Lorlatinib

V 3A4

Methotrexate

Nilotinib

A 3A4

Niraparib

Olaparib

A 3A4

Palbociclib

A 3A4

Pazopanib

A 3A4

Ponatinib

Pomalidomide

Regorafenib

Ribociclib

A 3A4

Ruxolitinib

Sunitinib

Tamoxifen

Vandetanib

Vemurafenib

V 3A4

PARENTERAL ANTINEOPLASTICS

Bortezomib

A 3A4, 2D6

Carboplatin

Cisplatin

Docetaxel

Gemcitabine

Methotrexate

Oxaliplatin

Paclitaxel

Vinblastine

IMMUNOSUPPRESSIVE DRUGS

Cyclosporine

Tacrolimus

SUPPORT TREATMENTS

Acetaminophen
Alprazolam
Amitryptiline

Aprepitant
Cimetidine
Citalopram
Dexamethasone
Escitalopram
Fentanyl

Gabapentin

Loperamide
Metoclopramide
Metopimazine

III’IIIIIIIIIIIIIIIIIIIII

Methylprednisolone
Morphine
Ondansetron

Oxycodone
Pantoprazole /
omeprazole
Prednisone /
prednisolone
Pregabalin
Ranitidine

Racecadotril

Tramadol
Zopiclone

Zolpidem

A 3A4

A 3A4

A 3A4

A 3A
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: No data available or degree of interaction not measurable.
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:1 < AUC ratio < 1.4 (DDI Predictor), No interaction expected (Drugs Information Database, HIV Drugs Interaction, Theriaque).
: Potential Weak Interaction (HIV Drug Interaction), Minor Interaction (Drugs Information Database), To be taken into account or pre-

caution for use (Theriaque), 1.5 < AUC ratio < 1.9 (DDI Predictor).

: Potential Interaction (HIV Drug Interaction), Moderate Interaction (Drugs Information Database), Avoid association (Theriaque),
2 < AUC Ratio < 9.9 (DDI) or 0.4 < AUC Ratio AUC < 0.6 (DDI Predictor).
AUC Ratio = area under the substrate concentration in blood or plasma over the dosing interval at a steady-state/AUC of the substrate given

with an inhibitor an inducer.
A Increase of lopinavir/ritonavir concentration.
v Decrease of lopinavir/ritonavir concentration.

interactions need to be anticipated [106]. The ANSM advocates limiting
patient travel to the center and making treatment available elsewhere
[107]. The French Society of Pharmacy Oncology guidelines re-
commend that the activity related to clinical trials be reduced as much
as possible (recommendation n°18) [89]. The appropriateness of in-
itiating new trials should be assessed by the sponsor and the principal
investigator, with priority given to trials related to the management of
patients infected with SARS-CoV-2. Early-phase clinical trials in on-
cology, especially of drugs for which the benefit to the patient has not
yet been demonstrated, should not be started.

For patients contracting COVID-19 while included in a trial, global
guidelines does not foresee automatic withdrawal, unlike the
International Gynecologic Cancer Society [108]. Here again, the phar-
macists can refer to the trial protocol to identify iatrogenic risk between
COVID-19 treatment and the experimental treatment. The risk of staff
exposure to COVID-19 (e.g., return of unused units) should be managed
in the same way as for other drugs.

Guidelines for the practice of oncology clinical pharmacy under
the COVID-19 pandemic

Since the start of the crisis, hospital pharmacists have been closely
involved with the medical and care teams in supplying the care and
intensive care units dedicated to COVID-19. They are also involved in
drawing up fast-changing treatment protocols, including alternative
strategies to cope with shortages and fast-track trials assessing treat-
ment strategies in infected patients [109]. Also, the crisis situation and
mobilization of human and material resources entails a risk of in-
attention to cancer patients and iatrogenic risk due to distraction [21].

Prompt implementation of clinical pharmacy in COVID-19+ units
contributes to treatment optimization in the face of a theoretical risk of
drug-related iatrogenesis in this novel population - risk also run by
cancer patients in the COVID-19 context. The benefit of pharmaceutical
expertise in cancer is well-established [110-112], and the pandemic has
led to adaptation of oncology clinical pharmacy activity: an organiza-
tional approach to limit contact-time in the care units (pharmaceutical
care including consultations, medication reconciliation) and a phar-
macologic approach (medication prescription analysis). Neither ap-
proach needs to be short-term with a return to business-as-usual en-
visaged within a matter of weeks: medium and even long-term
perspectives are possible. This notably involves adapting oncology
clinical pharmacy so as to set up COVID-19 pathways in hospital, in-
cluding for cancer patients. This publication must be considered as a
support for pharmacist to be able to act effectively for cancer patients,
who tend to be polymedicated and immunodepressed. The present
document provides keys for anticipating drug interactions, possible
adverse effects as well as poor medication adherence in concomitant
treatment of cancer patients with COVID-19. Finally, hospital and
community pharmacists need to be especially alert to use of over-the-
counter treatments (OTC) and CAM, as the pandemic encourages such
self-medication, leading to drug-related problems and herb-drug inter-
actions.

Guidelines and opinions on pharmacy practice in the COVID-19
context have been published [109,113,114], but none focusing on on-
cology pharmacy.
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In the present state of knowledge, the French Society of Oncology
Pharmacy (SFPO) advocates the following proposals for the manage-
ment of cancer patients during the pandemic:

— Maintaining and reinforcing oncology clinical pharmacy activity
(prescription analysis, dose adaptation, medication reconciliation,
educational follow-up, etc.), prioritization (of patients at highest
iatrogenic risk) and reorganization according to local capacity.
Deploying new oncology clinical pharmacy expertise centered on
prevention of drug-related problems (adverse effects, interactions)
with anti-COVID-19 treatment in current care (Tables 2A, 2B, 2C
and 3).

Ensuring cancer patients’ access to innovations in case of COVID
infection, by setting up real-time literature watch on cancer patients’
risks related to drugs assessed in clinical trials, based on the present
Table 4, “Ongoing clinical trials of COVID-19 treatments and im-
plications for cancer patients”.

Maintaining pharmacy interviews and reminders of the current
distancing and safety measures.

Maintaining active involvement of pharmacists in the multi-
disciplinary case conferences under the same conditions as for the
other participants, as advised by the French national cancer institute
[115], and in any dedicated COVID-19 multidisciplinary team
meetings.

Expertise and close collaboration with medical oncology teams in
treatment strategy decision-making. This involves selection of che-
motherapy protocols when the initial strategy is no longer feasible,
associated recommendations (dose equivalences between parenteral
and oral forms), creation of new adapted protocols (flat dose and
cycle timing in immunotherapy), and providing subcutaneous forms
for monoclonal antibodies (rituximab, trastuzumab). It also involves
active help with support drugs, especially those leading to drug
interactions (Tables 2A, 2B, 2C).

Deployment of telemedicine (teleconsultation and telemonitoring)
to reduce face-to-face pharmacy work (follow-up of patients under
oral therapy) [116].

Exchanges with community health professionals (community phar-
macists, family doctors, etc.) in a community-hospital network
(switch from parenteral to oral chemotherapy, oral anticancer
drugs, etc.), if possible via secure hospital-community platforms.

Conclusion

The present pandemic requires significant prompt adaptation. The
present guidelines are intended to accompany hospital pharmacists in
this perspective, in a situation in which all pharmaceutical activities are
changing. Oncology clinical pharmacy needs to be protected, as it
concerns frail patients and needs to be able to adapt to new iatrogenic
risks in a rapidly changing context of knowledge about COVID-19 dis-
ease and treatment strategies, notably in clinical research. The authors
wish to spotlight delay in diagnosis and treatment, rescheduling and
interruption of chemotherapy cycles and the considerable obstacles to
cancer patients’ access to innovation throughout the pandemic. The
impact of reorganizing care in this unprecedented crisis for cancer pa-
tients has to be assessed and shared. The learning experience should
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Table 3
Pharmacodynamics interactions related to anti-COVID-19 drugs and antineoplastics, immunosuppressive drugs and most used support treatment.
N, . . . . Interferon -
Lopinavir/ritonavir Hydroxychloroquine Azithromycin B1A Remdesivir
: Qr . Qr . . Qr . Drugs
Thi
eriaque / Drugs Drugs Information HIV Dr}lg Drugs Drugs Information Theriaque Theriaque | Drugs Drugs Information Information GPR
SPC N Database Interactions N Database / SPC N Database
List List List Database
ORAL ANTINEOPLASTICS

Abemaciclib
Abiraterone 2ar
Afatinib

Alectinib

Anagrelide
Axitinib
Bicalutamide
Bosutinib
Brigatinib
Busulfan
Cabozantinib
Capecitabine

Nephrotoxicity |

Ceritinib

Cobimetinib

Crizotinib

Cyclophosphamide
Cyproterone acetate

Dabrafenib

Dasatinib
Encorafenib
Enasidenib
Enzalutamide
Erlotinib
Etoposide
Everolimus
Fludarabine
Gefitinib
Ibrutinib
Idelalisib
Imatinib
Ivosidenib
Lapatinib
Lenalidomide
Lenvatinib
Letrozole
Lorlatinib
Mercaptopurine
Methotrexate
Midostaurin

N

g
N
=}

Nephrotoxicity |

Nephrotoxicity |

Hepatotoxicity

Nilotinib

Olaparib

Osimertinib

Palbociclib
Pazopanib
Ponatinib
Pomalidomide
Regorafenib

Nephrotoxicity

Nephrotoxicity |
Ribociclib

Ruxolitinib
Sorafenib
Sunitinib
Tamoxifen
Temozolomide

Nephrotoxicity
Nephrotoxicity

Thalidomide

Bradycardia

Trametinib
Trifluridine/tipiracil

Vandetanib

N
=1

Vemurafenib

Venetoclax
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Vinorelbine
PARENTERAL ANTINEOPLASTICS

Fluorouracil 2ar

Amsacrine

|| Nephrotoriity |

Arsenic trioxyde
Asparaginase Hepatotoxicity |
Azacitidine
Bendamustine
Bevacizumab
Bleomycin
Bortezomib
Busulfan
Carboplatin
Cetuximab
Cisplatin
Cyclophosphamide
Cytarabine
Dacarbazine
Daratumumab
Daunorubicin
Docetaxel
Doxorubicin
Daratumumab
Daunorubicine
Docetaxel
Doxorubicine

Durvalumab immune
dysfonctions

Epirubicin

| Nephrotoxicity |
Nephrotoxicity

W

%
m .....wnm "

W

Etoposide

F
T

Ifosfamide Nephrotoxicity |
Ipilimumab immune
dysfunctions
Irinotecan
Melphalan
Methotrexate Nephrotoxicity |
Nivolumab immune i
dysfunctions |
Obinutuzumab
Oxaliplatin

Paclitaxel

Pembr

Rituximab
Topotecan
Trastuzumab
Trastuzumab
emtansine
Vinblastine
Vincristine
Vinorelbine

IMMUNOSUPPRESSIVE DRUGS
Azathioprine Immunotoxicity
Cyclosporine Immunotoxicity Nephrotoxicity
Mycophenolate

! Immunotoxici
mofetil s

Tacrolimus Nephrotoxicity

SUPPORT TREATMENTS

Acetaminophen
Alprazolam
Amitryptiline
Aprepitant
Cimetidine /
ranitidine

N
=]
2

Citalopram

N

8
N
=

Dexamethasone
Domperidone
Escitalopram
Fentanyl
Gabapentin
Hydroxyzine
Loperamide
Metoclopramide
Metopimazine
Methylprednisolone
Morphine
Omeprazole /
pantoprazole
Ondansetron
Oxycodone
Pregabaline
Prednisone /
prednisolone
Racecadotril

Nephrotoxicity

Tramadol

Zopiclone
Zolpidem
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: No data available or degree of interaction not measurable.
: No interaction expected (Drugs Information Database, HIV Drugs Interaction, Theriaque, QT Drugs List).
: Potential Weak Interaction (HIV Drug Interaction), Minor Interaction (Drugs Information Database), To be taken into account or precaution for use

(Theriaque).
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: Potential Interaction (HIV Drug Interaction), Moderate Interaction (Drugs Information Database), Avoid association (Theriaque), possible risk of torsades de

Pointes (QT Drugs List).

I Contra-indicated (Theriaque), Major Interaction (Drugs Information Database), Do Not Coadminister (HIV Drug Interaction), known risk of torsades de pointes

(QT Drugs List).

/ Increase of chemotherapy/immunosuppressive/support treatment concentration.
N\ Decrease of chemotherapy/immunosuppressive/support treatment concentration.
SPC: Summary of Product Characteristics.

Table 4

Ten most represented Investigational Medicine Products (IMP) on ongoing clinical trials for the treatment of COVID-19 and potential impact for cancer patients.

IMP

NCT identifier

Documented/hypothetical
mechanism of action

Potential impact for cancer patients

Allogeneic Mesenchymal Cells

Angiotensin-converting-enzyme
inhibitors
Angiotensin receptor blockers

Bacille Calmette-Guérin Vaccine

Chloroquine

Hydroxychloroquine

Colchicine

Convalescent Plasma Therapy

NCT04366271, NCT04361942, NCT04339660, NCT04252118
NCT04313322, NCT04348461, NCT04336254, NCT04348435
NCT04315987, NCT04273646, NCT04366830, NCT04346368
NCT04288102, NCT04293692, NCT04352803, NCT04366063
NCT04366323, NCT04349631, NCT04377334, NCT04345601
NCT04355728, NCT04382547, NCT04333368, NCT04302519
NCT04371601, NCT04341610, NCT04269525, NCT04276987
NCT04329195, NCT04335136, NCT04375046, NCT04287686
NCT04345406, NCT04353596, NCT04364893, NCT04337008
NCT04351581, NCT04330300, NCT04338009, NCT04332666
NCT04375124, NCT04335123, NCT04312009, NCT04311177
NCT04340557, NCT04366050, NCT04355936, NCT04360551,
NCT04335786

NCT04327206, NCT04328441, NCT04379336, NCT04362124
NCT04350931, NCT04369794, NCT04373291, NCT04348370,
NCT04384549

NCT04362332, NCT04359537, NCT04328272, NCT04351919
NCT04346329, NCT04329611, NCT04345653, NCT04351516
NCT04370262, NCT04352933, NCT04347889, NCT04350450
NCT04364815, NCT04369742, NCT04363866, NCT04382625
NCT04340544, NCT04329923, NCT04351620, NCT04333225
NCT04345692, NCT04323631, NCT04331834, NCT04371926
NCT04385264, NCT04315896, NCT04354870
NCT04342221, NCT04353271, NCT04372017, NCT04358068
NCT04330495, NCT04318444, NCT04330144, NCT04318015
NCT04381988, NCT04261517, NCT04379492, NCT04341441
NCT04370015, NCT04354441, NCT04328961, NCT04363827
NCT04334967, NCT04363450, NCT04332991, NCT04361461
NCT04384380, NCT04334148, NCT04342169, NCT04342156
NCT04321278, NCT04371523, NCT04333654, NCT04374942
NCT04325893, NCT04353037, NCT04316377, NCT04308668
NCT04303507, NCT04336748, NCT04349371, NCT04333732
NCT04333628, NCT04328493, NCT04344951, NCT04331600
NCT04353336, NCT04360759, NCT04346667, NCT04342650
NCT04323527, NCT04328467, NCT04304053, NCT04351191
NCT04349228, NCT04352946, NCT04349228
NCT04350320, NCT04375202, NCT04355143, NCT04367168
NCT04360980, NCT04326790, NCT04328480, NCT04322565
NCT04363437, NCT04322682

NCT04346446, NCT04345679, NCT04383548, NCT04344535
NCT04355897, NCT04338360, NCT04374487, NCT04343261
NCT04345991, NCT04354831, NCT04356534, NCT04372979
NCT04321421, NCT04345523, NCT04343755, NCT04347681
NCT04376788, NCT04385043, NCT04348877, NCT04384497
NCT04372368, NCT04344015, NCT04333355, NCT04348656
NCT04365439, NCT04361253, NCT04380935, NCT04353206
NCT04363034, NCT04342182, NCT04358211, NCT04352751
NCT04384588, NCT04374149, NCT04374370, NCT04385199
NCT04381858, NCT04355767, NCT04374526, NCT04373460
NCT04375098, NCT04377568, NCT04383535, NCT04366245
NCT04360486, NCT04364737, NCT04356482, NCT04340050
NCT04374565, NCT04358003, NCT04323800, NCT04332380
NCT04357106, NCT04332835, NCT04359810, NCT04327349
NCT04385186, NCT04376034, NCT04358783, NCT04377672
NCT04374539, NCT04325672, NCT04333251, NCT04380532
NCT04346589, NCT04264858

14

Immunosuppressive and tissue
repair properties

Anti-hypertensive agents
inhibiting virus entry into the
host cell (mediated by ACE2
receptor)

Live vaccine

Increase of lysosomes pH
Membrane fusion and endocytosis
inhibition

Anti-inflammatory and
antimitotic

Passive immunity

No potential impact [96]

No potential impact

Risk of live attenuated vaccine

Elimination half-life of 10-30 days

[97]

CYP2D6 inhibitor [98]

Cardiac toxicity (QT prolongation)

Ocular toxicity (e.g. MEK inhibitors)

CYP3A4 substrate [99]

No data available

(continued on next page)
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Table 4 (continued)
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IMP NCT identifier

Documented/hypothetical
mechanism of action

Potential impact for cancer patients

Nitric Oxyde Gas

NCT04290858, NCT03331445, NCT04338828, NCT04383002

Vasodilatation No potential impact

NCT04305457, NCT04312243, NCT04290871, NCT04337918

NCT04306393, NCT04358588

Ruxolitinib NCT04348071, NCT04355793, NCT04362137, NCT04359290  JAK2 inhibitor CYP3A4 and CYP2C9 substrate (no
NCT04354714, NCT04377620, NCT04338958, NCT04337359 clinically relevant) [100]
NCT04334044, NCT04331665
Tinzaparin NCT04344756, NCT04366960, NCT04345848, NCT04362085  Anticoagulant No potential impact
Enoxaparin NCT04359277, NCT04377997, NCT04373707, NCT04360824
NCT04367831, NCT04354155
Tocilizumab NCT04345445, NCT04317092, NCT04377750 Anti-IL-6 Induction of cytochromes P450 and

NCT04331795, NCT04377659, NCT04361032, NCT04346355
NCT04320615, NCT04372186, NCT04363736, NCT04335071

increase elimination of associated
substrates [101]

NCT04377503, NCT04363853, NCT04356937, NCT04370834

NCT04315480, NCT04361552, NCT04331808

IL: Interleukin; IMP: Investigational Medicine Product; SPC: Summary of Product Characteristics.

Note: the trials summarized were these referenced on ClinicalTrial.gov until May, 15th 2020. An exhaustive table of ongoing trials evaluating medical strategy is
displayed in Appendix. The Cochrane France organization provides a website (https://covid-nma.com/) dedicated to map current researches on the prevention and
treatment of COVID-19 (weekly update) and to review study results as soon as they are available (daily updated).

make it possible to adapt and improve the recommendations put for-
ward by the health authorities and scientific societies with a necessary
view to improving cancer treatment in a health crisis. We need also to
bear in mind the difficulty of foreseeing the health situation in the
months to come. Rapid changes are to be expected in oncology, at the
very least involving setting up dedicated care pathways in health
structures. Pharmaceutic teleconsultations and remote interviews are
being developed and will continue, requiring long-term rethinking in
telemedicine. Finally, ongoing clinical trials may yet identify and va-
lidate curative strategies against COVID-19, and, probably in the longer
term, to identify candidate vaccines. New guidelines for cancer patients
will then be welcome. The exceptional context of this year 2020 entails
deep changes in the fight against cancer in which pharmacists play a
strategic role. Oncology clinical pharmacy now has to take on a new
risk, with all the concerns that entails, and to respond on an emergency
footing with new expertise that is already opening up opportunities to
optimize treatment for cancer patients.
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